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CHEMICAL  EXAMINATION  OF  GRINDELIA.  PART  II. 

BY  FREDERICK  B.  POWER,  PH.  D.,  AND  FRANK  TUTIN. 

[A  Contribution  from  the  Wellcome  Chemical  Research  Laboratories,  London.] 

In  a paper  communicated  to  this  Association  at  the  meeting  held  in 
Atlantic  City,  N.  J.,  in  September,  1905  (Proc.  A.  Ph.  A.,  1905,  jj,  p. 
193),  the  authors  described  the  results  of  a general  examination  of  the 
constituents  of  Grindelia.  The  material  employed  in  that  investigation 
consisted  of  an  original  bale  of  the  drug  obtained  from  California,  and  it 
was  stated  that  it  conformed  most  closely  in  its  characters  to  the  descrip- 
tion oi  Grindelia  camporum , Greene.  That  the  drug  was,  in  fact,  G. 
camporum,  has  since  been  confirmed  by  Dr.  Willis  L.  Jepson  (compare 
P.  E.  F.  Perredes,  Proc.  A.  Ph.  A.,  1906,5^,  p.  3"o). 

In  the  above-mentioned  communication  the  isolation  of  the  hydrocarbon 
hentriacontane,  and  of  a new  phytosterol  (m.  p.  1660  C.)  were  re- 

corded, and  it  was  also  noted  that  the  drug  contained  a considerable 
amount  of  /-glucose,  together  with  tannin,  amorphous  coloring  matter, 
and  small  amounts  of  formic  acid  and  an  essential  oil.  It  was,  however, 
particularly  stated  that  the  chief  constituents  of  Grindelia  are  amorphous 
resins,  and  with  the  object  of  more  completely  examining  the  latter,  es- 
pecially the  portion  soluble  in  petroleum,  the  investigation  has  been 
continued. 

The  material  used  in  the  present  investigation  was  a further  portion  of 
the  identical  extract  of  Grindelia  which  had  previously  been  employed. 
During  the  two  years  which  had  elapsed  since  this  extract  was  first  ex- 
amined a portion  of  the  chlorophyll  had  become  altered,  but  otherwise  it 
appeared  to  be  unchanged.  The  extract  was  mixed  with  water  and  sub- 
jected to  steam  distillation  for  the  removal  of  the  volatile  constituents, 
after  which  the  cake  of  resins  was  separated  from  the  aqueous  liquid,  and 
thoroughly  washed.  These  resins  were  mixed  with  purified  sawdust,  the 
mixture  dried,  and  extracted  successively  in  a Soxhlet  apparatus  with  light 
petroleum  (b.  p.  33-50°  C.)  and  ether.  The  portion  of  the  resins  which 
remained  undissolved  by  this  treatment  amounted  to  only  about  8 per 
cent,  of  the  whole.  As  stated  in  the  previous  paper  ( loc . cit.),  this  por- 
tion of  the  resin  appeared  to  contain  nothing  crystalline,  and  being  for 
the  most  part  only  soluble  in  alcohol,  it  has  not  been  further  examined. 

Examination  of  the  Petroleum  Extract  of  the  Resins. 

The  petroleum  extract  of  the  resins  was,  at  the  ordinary  temperature,  a 
soft,  very  sticky  solid,  but  when  warmed  it  rapidly  melted  to  a thick,  oily 
liquid,  which  was  specifically  heavier  than  water.  It  was  dissolved  in 
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ether,  and  the  ethereal  solution  shaken  with  io  per  cent,  sulphuric  acid. 
As  nothing  was  removed  by  this  treatment,  the  ethereal  liquid  was  repeat- 
edly extracted  with  a strong  solution  of  sodium  carbonate.  The  alkaline 
liquid  thus  obtained  possessed  a dark  greenish  color,  and  had  the  char- 
acters of  a soap  solution.  It  was  acidified  with  sulphuric  acid,  when  a 
sticky  oil  was  precipitated,  which  was  extracted  with  ether.  On  evap- 
orating the  ethereal  liquid  a mixture  of  acids  was  obtained,  which 
amounted  to  more  than  one-half  of  the  original  petroleum  extract,  and 
when  freed  from  solvent,  formed  an  extremely  sticky,  soft  mass.  It 
possessed  a strongly  acid  reaction,  and  could  be  distilled  under  dimin- 
ished pressure  without  suffering  decomposition,  but  this  operation  was  ren- 
dered extremely  difficult  on  account  of  the  viscous  nature  of  the  material. 
The  crude  mixture  of  acids  was  therefore  dissolved  in  about  six  times  its 
volume  of  warm  methyl  alcohol,  when,  on  allowing  the  solution  to  stand,  it 
deposited  a small  amount  of  a crystalline  solid.  This  was  collected  on  a 
filter,  and  recrystallized  from  ethyl  acetate,  when  it  was  found  to  melt  at 
81-82°  C.  It  was  analyzed  with  the  following  result : 

0.0993  gave  0.2871  C02  and  0.1176  H20.  C — 78.9;  H =•  13.2. 

Cj7HM02  requires  C = 79.0;  II  = 13.2  per  cent. 

This  acid  agrees  in  composition  with  cerotic  acid,  and  is  probably  iden- 
tical with  it,  although  the  observed  melting-point  (81-82°  C.)  is  some- 
what higher  than  that  recorded  (79°  C.)  for  the  latter  acid. 

The  acids  contained  in  the  methyl  alcoholic  filtrate  from  this  solid  acid 
were  converted  into  their  methyl  esters  by  passing  dry  hydrogen  chloride 
into  the  boiling  liquid  for  two  hours.  The  resulting  esters  were  isolated 
in  the  usual  manner,  and  repeatedly  submitted  to  a systematic  process  of 
fractional  distillation  under  a pressure  of  20  Mm.,  when  the  following 
fractions  were  collected:  (I)  About  150-200°;  (II)  200-215°;  (III) 
215-225°;  (IV)  225-230° ; (V)  230-235°;  (VI)  235-240°;  (VII) 
240-245°;  (VIII)  245-250°;  (IX)  250-260°;  (X)  260-270°;  (XI) 
above  270°  C.  / 20  Mm. 

All  these  fractions  possessed  a brownish-yellow  color,  although  No.  I, 
on  standing,  rapidly  darkened.  The  lower  fractions  were  fairly  mobile 
liquids,  but  with  the  increase  of  temperature  at  which  the  fractions  were 
collected  their  viscosity  also  became  progressively  greater,  the  last  two 
fractions  being  sticky  solids.  The  results  of  the  examination  of  the  vari- 
ous fractions  indicated  that  they  represented  an  extremely  complex  mix- 
ture, as  will  be  seen  by  reference  to  the  following  table  : 
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Fraction 

Number. 

Boiling-point 
at  20  Mm. 

Weight 
in  Grams. 

Density 
at  20°  C. 

Specific 

Rotation. 

Analysis 
C %;  H %. 

Iodine 

Value. 

Saponi- 

fication 

Value. 

I 

1 50-200°  C. 

4-5° 

0.9826 

+ 7-4° 

75.8;  IO.I 

81.0 

II 

200  2 1 50  C. 

5-25 

0-9743 

+ 0.5° 

78.8;  10.8 

104.2 

Ill  .... 

214-225°  C. 

10.40 

0.9869 

— 6.9° 

78.8;  10.5 

103.8 

7.0;  9.0 

IV 

225-230°  C. 

8.47 

1.0057 

— 8.8° 

78.1;  10.5 

86.4 

and  9 7 

V 

230-235°  C. 

9.18 

1.0147 

- 9.x0 

77-55  xo-3 

72.4 

1 0.0 

VI 

235-240°  C. 

9-30 

1.0312 

— 10.5° 

76.8;  10.2 

62.9 

— 

VII  .... 

240-245°  C. 

8-39 

1.0432 

- 8-3° 

75.6;  10.6 

56.2 

VIII.... 

245-250°  C. 

10.22 

1-0535 

— 5.8° 

74.0;  9.7 

48.8 

1 1.5 

IX 

250-260°  C. 

9.05 

1.0634 

— 1.8° 

74-95  9-7 

41.2 

X  

XI  

260-270°  C. 
Above  270°  C. 

3-92 

1.70 

-f  2.2° 

V 

74.2;  9.8 

40.3 

For  the  purpose  of  comparison  the  density  of  a fraction  (b.  p.  215- 
2250  C.  / 20  Mm.)  of  methyl  esters  of  fatty  acids,  consisting  largely  of 
methyl  oleate,  was  determined,  and  found  to  be  0.8784  at  20°  C. 

Fraction  I boiled  over  a wide  range  of  temperature,  and  was  obviously 
a mixture.  The  analyses  of  fractions  II  and  III  agree  with  the  formula 
QoHsA,  but  this  formula  is  not  in  harmony  with  the  iodine  value  of  these 
fractions,  thus  indicating  them  to  be  mixtures.  The  numbers  obtained 
lor  the  saponification  value  of  fraction  III  varied  considerably  ( 7.0  to  9.7), 
and  were  all  lower  than  the  theoretical  value  (13.1)  for  an  ester  possess- 
ing the  above  formula.  It  was  found  that  this  was  due  to  the  fact  that 
this  fraction  consisted  partially  of  an  ester  which  was  saponified  only  with 
great  difficulty.  A quantity  of  fraction  III  was  therefore  boiled  for  two 
hours  with  an  excess  of  alcoholic  potash,  the  alcohol  removed,  and  the 
unsaponified  ester  isolated  by  means  of  ether.  This  ester  was  distilled 
under  diminished  pressure  and  analyzed  : 

0.1260  gave  0.3813  C02  and  0.1 170  H20.  0 = 82.5;  H = 10.3. 

C31H4802  requires  C = 82.7;  H = 10.2  per  cent. 

On  acidifying  the  alkaline  liquid  from  which  this  ester  had  been  re- 
moved an  acid  was  precipitated,  which,  when  isolated  by  means  of  ether, 
was  obtained  as  a very  thick  oil.  It  deposited,  on  standing,  a trace  of 
crystalline  substance,  and  this,  after  being  collected  and  recrystallized, 
was  found  to  possess  the  properties  of  palmitic  acid.  Fraction  III  was, 
therefore,  a mixture  of  esters. 

The  results  obtained  by  the  analysis  of  fraction  V agree  with  the  formula 
C2sH4o03.  Ihe  saponification  value  ((o.o)  is  also  in  harmony  with  this 
formula  (C25H40O3  requiring  10.3),  whilst  the  iodine  value  (72.4)  is  not 
far  removed  from  that  required  for  an  ester  C25H40O3  containing  one 
double  linking,  namely,  65.5.  It  therefore  appears  probable  that  an  acid 
possessing  a formula  approximating  to  C24H3803  is  present  in  Grindelia, 
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and  as  this  acid  contains  only  one  double  linking,  it  may  be  assumed  that 
a benzene  nucleus  is  also  present  in  its  structure.  In  view  of  this  con- 
sideration a quantity  of  the  ester 'was  oxidized  by  means  of  a chromic 
acid  mixture,  with  the  hope  of  isolating  a known  benzene  derivative  from 
the  products,  but  only  resins  were  obtained.  The  acid  produced  by  the 
hydrolysis  of  fraction  V was  an  extremely  viscous  liquid,  and  nothing 
crystalline  could  be  obtained  from  it.  Fraction  VI  was  evidently  similar 
to  the  preceding  one,  whilst  the  fractions  of  higher  boiling-point,  although 
obviously  mixtures,  would  appear  to  contain  esters  of  more  highly  oxy- 
genated acids.  It  is  evident  from  a consideration  of  the  iodine  values  of 
the  above  fractions  of  esters,  together  with  the  amount  of  hydrogen  which 
they  respectively  contain,  that  cyclic  compounds  must  be  present  in  each 
of  them. 

The  original  ethereal  liquid,  which,  after  extraction  with  sodium  car- 
bonate, still  contained  the  non-acidic  constituents  of  the  petroleum  ex- 
tract, was  shaken  with  a xo  per  cent,  solution  of  potassium  hydroxide. 
This  treatment  removed  nothing,  but  on  washing  the  ethereal  liquid  with 
water,  after  separating  the  alkaline  solution,  a deep  green,  aqueous  liquid 
was  obtained.  This  evidently  contained  that  portion  of  the  chlorophyll 
which  had  been  present  in  the  petroleum  extract.  It  was  separated  from 
the  ethereal  liquid,  acidified  with  sulphuric  acid,  and  extracted  with  ether, 
when,  on  removing  the  solvent,  a quantity  of  a bright  green,  resinous 
substance  was  obtained.  This  product,  which  consisted  of  chlorophyll, 
evolved  ammonia  when  boiled  with  alcoholic  potash,  and  since  none  of 
the  other  constituents  of  the  petroleum  extract  contained  nitrogen,  it  must 
have  been  the  source  of  the  ammonia  which,  as  noted  in  the  previous 
communication  (/oc.  cit.),  was  evolved  in  considerable  amount  on  boiling 
the  entire  petroleum  extract  with  the  alcoholic  alkali. 

The  ethereal  liquid,  which  now  no  longer  contained  any  acidic  or 
phenolic  substances,  was  dried,  and  the  ether  removed.  The  residual 
fatty  matter  was  dissolved  in  alcohol,  and  boiled  for  two  hours  with  an 
excess  of  an  alcoholic  solution  of  potassium  hydroxide.  The  alcohol  was 
then  removed,  water  added,  and  the  resulting  liquid  repeatedly  extracted 
with  ether.  During  the  first  extraction  a small  quantity  of  a flocculent 
precipitate  accumulated  in  the  lower  portion  of  the  ethereal  layer.  This 
solid  was  collected  on  a filter,  well  washed  with  warm  ether,  and  dried. 
On  examination  it  was  found  to  be  the  potassium  salt  of  a fatty  acid,  for, 
when  treated  with  sulphuric  acid,  it  afforded  an  acid  which  crystallized 
from  ethyl  acetate  in  leaflets  melting  at  84°  C.  This  was  analyzed  with 
the  following  result : 

0.1 1 19  gave  0.3245  C02  and  0.1340  H.,0.  C = 79.i;  11  = 13.3. 

C2-H540.2  requires  C = 79.0;  H = 13.2  per  cent. 

This  substance  appears  to  be  identical  with  the  acid  melting  at  81-82°  C., 
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previously  obtained,  and  is  presumably  cerotic  acid , although  the  pos- 
sibility of  its  being  a higher  homologue  of  the  latter  is  not  excluded. 

The  product  obtained  on  evaporation  of  the  ethereal  extracts  of  the 
alkaline  liquid  was  shown  in  the  previous  communication  to  contain 
hentriacontane,  C;ilH64,  and  a small  amount  of  a phytosterol  (m.  p.  1660 
C.).  On  submitting  this  product  to  fractional  distillation  under  dimin- 
ished pressure,  evidence  has  now  been  obtained  that  a small  quantity  of  a 
hydrocarbon  other  than  hentriacontane  is  also  piesent.  This  second 
hydrocarbon  melts  at  a temperature  lower  than  that  at  which  the  one 
previously  isolated  fuses,  but  it  could  not  be  isolated  in  a state  of  purity. 
The  alkaline  liquid  from  which  the  unsaponifiable  matter  had  been  re- 
moved was  acidified  with  sulphuric  acid,  and  the  acids  which  separated 
were  extracted  by  means  of  ether.  The  ethereal  solution  of  these  acids 
was  evaporated  to  a small  bulk,  and  a considerable  volume  of  light  petro- 
leum then  added,  which  caused  the  separation  of  a small  amount  of  a 
brown,  resinous  product.  This  product,  from  which  the  clear  liquid  was 
decanted,  was  heated  with  methyl  alcohol  and  dry  hydrogen  chloride, 
when  it  afforded  a little  resin  and  a viscous  mixture  of  esters  resembling 
the  higher  fractions  of  the  esters  obtained  from  the  free  acids  previously 
« described.  The  clear  petroleum  liquid  was  evaporated,  and  the  residual 
acids  converted  into  their  methyl  esters  in  the  manner  above  described. 
The  product  thus  obtained  was  not  nearly  so  large  in  amount  as  the  esters 
prepared  from  the  free  acids,  but  resembled  the  latter  esters  in  its  general 
properties.  It  was  distilled  under  a pressure  of  20  Mm.,  when  the  follow- 
ing fractions  were  collected:  (I)  Below  210°;  (II)  210-230°;  (III) 
230-240°;  (IV)  240-250° ; (V)  250-260°;  (VI)  above  260°  C.  / 20  Mm. 

Fractions  II,  III,  and  IV  were  the  largest,  the  remainder  being  only 
small  in  amount.  The  specific  rotations  of  these  three  principal  fractions 
varied  from  [<z]D  — 20. o°  to  — 22.6°,  and  their  densities  from  0.9422  to 
0.9844  at  20°  C.  All  the  fractions  were  obviously  mixtures,  and  appeared 
to  contain  esters  similar  to  those  prepared  from  the  free  acids.  On 
analysis,  fraction  II  gave  C = 76.3;  H = ix.i  per  cent.,  and  when 
hydrolysed  it  yielded  an  oily  acid,  which,  on  standing,  deposited  a small 
quantity  of  a crystalline  solid.  This  substance  was  separated  and  re- 
crystallized, after  which  it  melted  at  62°  C.,  and  appeared  to  be  identical 
with  the  solid  acid  obtained  from  fraction  III  of  the  esters  of  the  free 
acids.  The  amount  of  crystalline  acid  isolated  in  this  latter  case  was, 
however,  rather  larger  than  that  previously  obtained.  It  was  analyzed 
with  the  following  result : 

0.1069  gave  0.2968  CO,  and  0.1211  II20.  C — 75.7;  H = 12.6. 

C1GH3202  requires  C = 75.0;  H =>  12.5  per  cent. 

CisHjgO.,  requires  C = 76.1;  H = 12.7  per  cent. 

This  crystalline  solid  would,  therefore,  appear  to  be  a mixture  of 
palmitic  and  stearic  acids. 
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The  acids  obtained  by  the  hydrolysis  of  these  esters  possessed  a consider- 
able degree  of  optical  activity,  and  appeared  to  be  similar  to  those  which 
occur  in  a free  state,  but  the  only  products  that  could  be  isolated  from 
them  were  small  amounts  of  cerotic  acid , and  a mixture  of  palmitic  and 
stearic  acids. 

The  ether  extract  of  the  resins  consists,  to  a very  large  extent,  of  a 
mixture  of  amorphous  products,  but  very  small  amounts  of  a colorless 
crystalline  alcohol  and  a yellow  substance  of  phenolic  nature , both  of  which 
are  apparently  new  compounds,  were  obtained  from  it.  The  alcoholic 
body  possesses  either  the  formula  Ci7H.iH03  or  CMH:)804.  It  crystallizes  in 
plates  melting  at  256-257°  C.,  and  yields  an  acetyl  derivative  melting  at 
1 6 r 0 C.  The  yellow  phenolic  substance  crystallizes  in  prisms  melting  at 
227-228°  C.,  and  possesses  the  formula  ChH,,05.  It  gives  an  acetyl  der- 
ivative melting  at  154°  C. 

All  the  crystalline  substances  which  have  been  isolated  from  the  Grin - 
delia  resins,  with  the  exception  of  the  hentriacontane,  occur  in  exceed- 
ingly small  amounts,  and  their  isolation  in  quantities  sufficient  for  exami- 
nation has  only  been  rendered  possible  by  the  employment  of  large  quan- 
tities of  material. 


